Abstract --Introduction. The lack of information in the literature regarding the most adequate sampling time and leaf for the assessment of the nutritional status of carambola trees limits the use of leaf analysis as a diagnostic method for this species. Therefore, we determined seasonal variations in the leaf mineral composition of carambola trees cultivated on acid soil and submitted to lime application in order to define criteria for the indication of the diagnostic leaf and the adequate sampling time. Materials and methods. The experiment was set up in a typic Hapludox in Bebedouro, São Paulo, Brazil, with lime doses of (0, 1.85, 3.79, 5.56 and 7.41) t·ha -1 applied in August 1999. Grafted carambola tree seedlings (cv. Malaysia) were planted in December 1999. To assess the nutritional status of the plants, the leaf's macro-and micronutrient concentrations were determined in the third and sixth leaves, including the petiole, in flowering branches without fruits located in the middle third of the plant. Samples were collected throughout 2002, except for January and February due to the lack of flowers. Results and discussion. The results showed that the sixth leaf was more effective than the third leaf for the assessment of the nutritional status of carambola trees, with better differentiation of the lime effect on the levels of Ca, Mg, Mn, Zn, Cu and Fe, especially during the sampling period from August to October. Conclusion. In the area concerned with this study, the sixth leaf collected during the flowering peak from August to October appears ready to allow a nutritional diagnosis of carambola trees.
Introduction
Carambola (Averrhoa carambola L.) is a fruit tree originating from Asia, well adapted to tropical regions. The main areas producing carambola fruits include regions in Malaysia, northern Asia, Singapore, Taiwan, Hawaii, Florida, Brazil, Guyana and China [1] . In Brazil, carambola trees are cultivated in an area located between the tropic of Capricorn and the Equator [2] . In that country, the establishment of fertilization procedures is very important for the expansion of carambola tree production, especially on tropical soils which show low natural fertility [3] .
The few studies carried out with carambola trees in Brazil were limited to aspects of the quantity of nutrients present in the fruits. Information about leaf diagnosis in this fruit tree is scarce, a fact representing a matter of concern when aiming at the improvement of the management and efficiency of fertilization practices [4] . Thus, the understanding of nutritional aspects in such a way that they do not become production-limiting factors is fundamental for guaranteeing maximum genetic expression of improved plants.
Leaf chemical analysis is based on the premise that the nutritional status of a plant is represented by the concentration of essential minerals present in leaf tissue. This view has been in existence for more than a century, but it was started to be explored only a few decades ago [5] .
The distribution of nutrient minerals in the plant and in each of its parts, even along the leaf, is not homogenous, demonstrating the need for sample standardization [6] . Moreover, if the collected leaf sample does not represent the adequate leaf and is not collected at the correct time and in sufficient numbers, it will not be representative of or correctly reflect the nutritional status of the crop [7] . Thus, these first two factors, i.e., an adequate leaf and correct sampling period, are the most important in the definition of criteria for leaf diagnosis.
There is a general indication for carambola leaf sampling, which suggests sampling of a recently mature leaf on branches without fruits, collecting ten leaves per tree in all quadrants of the plant, with a minimum of ten trees per homogenous field, between June and July [8] . However, this procedure does not state precisely which type of leaf must be sampled.
The objective of the present study was to propose a diagnostic leaf and the adequate sampling period. Our work aimed at evaluating seasonal variations in the chemical composition of nutrients in leaves located in different positions on the branch of carambola trees cultivated on an acid soil and submitted to lime application.
Materials and methods
The experiment was carried out at the Bebedouro Experimental Citrus Culture Station, located in Bebedouro, São Paulo, Brazil (lat. 20° 53' 16" S, long. 48° 28' 11" W, altitude of 601 m). According to the Köppen classification, the local climate is of the subtropical Cwa type, with short, moderate and dry winters, and hot and rainy summers, characterizing two distinct seasons. The soil is a sandy typical Hapludox (table I) .
A liming experiment was used in order to establish a soil fertility gradient and to evaluate the responses of the plant by collecting leaves throughout the year. The lime doses were calculated for the 0 to 30 cm layer as follows: D 0 = zero lime, D 1 = half the dose necessary to increase the V value to 70%, D 2 = dose necessary to increase V to 70%, D 3 = 1.5 times the dose necessary to increase V to 70%, and D 4 = twice the dose necessary to increase V to 70%, corresponding to 0, 1.85, 3.79, 5.56 and 7.41 t·ha -1 . Lime was applied to and incorporated into the 0 to 30 cm layer in August 1999. The lime used in the experiment contained 455. The carambola tree has a high flowering capacity, with flowering occurring at 4 months of age in grafted trees, or at 4 to 6 years in trees obtained from seeds. The phases of reproductive development of carambola trees consist of (a) floral differentiation (initiationemergence), (b) panicle growth, (c) flowering (anthesis, anther dehiscence and pollination), and (d) fructification [2] . Carambola leaves are petiolated, pinnate (two to five pairs of folioles), complete, oval or oval/lanceolate, of pale green color when mature [4] . The chosen leaves had been in branches with greater exposition to sunlight because reports on citrus plants have indicated that leaf branches under low luminosity can show lower N and P contents [9] and higher K and Ca contents [10] compared with leaves exposed to adequate luminosity.
Leaves were sampled throughout the year 2002, except for January and February due to the lack of flowers. Ten leaves were collected from each plant in all quadrants in the middle third of the plant, with a total of thirty leaves per treatment for each type of leaf (third or sixth). The concentration of nutrients in plant tissue was determined according to the methods described by Bataglia et al. [11] .
A random block design was used, with five lime doses and four replicates both for the soil and the tree variables. Data were analyzed statistically by analysis of variance and regression analysis, with the linear model showing the best fit. All analyses were carried out using the SAS statistical software [12] .
Results and discussion
Twelve months after planting, soil sampling along the carambola tree line showed a significant and linear increase in pH, Ca and (table II) . The soil chemical analysis showed a linear increase in soil pH and, consequently, in the availability of some nutrients. That probably provides favorable conditions for the induction of differences in the nutritional status of the plants. Moreover, base saturation did not reach 70% because of the buffering power of the soil and of the pH-dependent loads, a fact extensively reported in the literature for tropical soil conditions [13] . III) . The lack of alterations in leaf NPK content might be explained by the fact that all plants were fertilized with equal and nonlimiting doses of these nutrients. However, we observed some effects in Ca and Mg concentrations and in Cu, Fe, Mn and Zn concentrations in the leaves (table III) . This finding could be explained by the general effects of the liming practice on the chemical properties of soil: an increase in Ca and Mg concentration then occurs due to the presence of these elements in the lime. The decrease in the availability in soil of the metal micronutrients Cu, Fe, Mn and Zn results from insolubilization through the formation of oxides and hydroxides due to an increase in soil pH [14] .
Lime application was also found to significantly change Ca, Mg, Cu, Fe, Mn and Zn contents according to sampling time (table III) . In this respect, at least two nutrients showed significant alterations for each sampling time, which were always associated with the sixth leaf, except for Fe content (sampling in May 2002) which was only altered in the third leaf (table III) . Thus, the effects of lime application on carambola nutrition during the year seem to be better discriminated in samples obtained from the sixth leaf than in those obtained from the third leaf.
Nutrients altered by liming were studied by linear regression in the two types of leaves (third or sixth) in order to obtain the best model, i.e., with a higher coefficient of determination (R 2 ).
Liming was found to linearly increase Ca and Mg leaf concentration, except if Ca was determined in the third leaf in March 2002 (table IV) . For Ca concentration, the coefficients of determination (R 2 ) were always higher (or practically equal) if the sixth leaf was considered instead of the third leaf. A similar result was obtained for Mg, whose coefficients of determination were also higher for samples obtained from the sixth leaf, except if sampling was done in May and September.
In the sixth leaf, variation in mean Ca content for the months of August, September and October was (7 to 11) g·kg -1 , (11 to 16) g·kg -1 and (7 to 9) g·kg -1 , respectively, and variation in mean Mg was (3 to 6) g·kg -1 , (7 to 9) g·kg -1 and (3 to 5) g·kg -1 , respectively (table IV). In other Brazilian carambola orchards, Ca and Mg contents were reported to be (9.8 and 6.4) g·kg -1 , respectively [15] . A comparison of the present results with those reported in the literature is severely limited since there are no assays or indications of adequate leaf content of nutrients for the carambola tree. Available reports concern the chemical composition of the leaves under commercial cultivation conditions, but without the appropriate calibration experiments. In addition, the available reports concern adult trees.
Mn and Zn concentrations suffered a linear and significant decline with lime application, especially in the sample obtained from the sixth leaf (table V) . At practically all sampling dates, the highest R 2 was observed if the sixth leaf was used for both Mn and Zn, again indicating that the sixth leaf may represent the nutritional status of the carambola tree.
In the case of Cu and Fe concentration, liming also caused a linear decrease in the leaf concentration of these nutrients, except when leaves were sampled in April 2002 when none of the leaves showed a significant change (table VI) . No change in Cu content was observed in any of the leaves sampled in April, July and November. In addition, Fe content did not suffer alterations during the first five leaf samplings. Whenever there were changes in Fe and Cu leaf concentrations, the coefficient of determination was always higher for the sixth leaf than for the third leaf. The reduced leaf concentrations of Cu, Fe, Mn and Zn were due to the decreased availability of these metals in soil due to liming which promotes an elevation in pH [14] .
Our results showed the advantage of the sixth leaf over the third leaf in the determination of the effect of liming on the leaf nutritional status of carambola trees. These results are in agreement with data reported in the literature demonstrating that each leaf type generally presents a distinct composition and sensitivity to the detection of nutrients available in the soil [6] .
The analysis of the different sampling periods showed that liming had a significant effect on macro-and micronutrient levels between August and October, triggering increases in Ca and Mg contents and decreases in Mn, Zn, Cu and Fe contents. This fact was possibly due to the high physiological activity of the plant (flowering peak) during this period [4] . Indeed, peaks in the concentration of most nutrients in tissues occur at flowering time [16, 17] . Thus, this period can be considered the most adequate for leaf sampling and analysis, discriminating alterations in chemical soil attributes with a higher precision. Therefore, we suggest that, in tropical areas, the months from August to October could be the most adequate for leaf diagnosis in irrigated carambola trees. It should be noted that during this period the plant is in full bloom which is accompanied by high physiological activity; however, the choice of the collection month should be compatible with the flowering peak, which might suffer alterations according to the edaphoclimatic conditions of the region and the cultivar used. Sampling performed during this period permits the highest precision in the fertilization options after this period (November to March) by adjusting more or less the fertilizer doses.
Conclusion
For leaf diagnosis of irrigated carambola trees in tropical regions similar to those of the state of São Paulo, Brazil, the sixth leaf formed on flowering branches is the most indicated to be collected. Selected branches will have to be without fruit, located in the R. de Mello Prado, W. Natale plant's middle third and sampled at the flowering peak during the months of August to October.
